
Abstract Rhizobium etli, which normally forms nitro-
gen-fixing nodules on Phaseolus vulgaris (common bean),
is a natural maize endophyte. The genetic diversity of R. etli
strains from bulk soil, bean nodules, the maize rhizo-
sphere, the maize root, and inside stem tissue in traditional
fields where maize is intercropped with P. vulgaris-beans
was analyzed. Based on plasmid profiles and alloenzymes,
it was determined that several R. etli types were preferen-
tially encountered as putative maize endophytes. Some of
these strains from maize were more competitive maize-root
colonizers than other R. etli strains from the rhizosphere
or from bean nodules. The dominant and highly competitive
strain Ch24-10 was the most tolerant to 6-methoxy-2-ben-
zoxazolinone (MBOA), a maize antimicrobial compound
that is inhibitory to some bacteria and fungi. The R. tropici
strain CIAT899, successfully used as inoculant of P. vulgaris,
was also found to be a competitive maize endophyte in
inoculation experiments.

Introduction

The grass family is agriculturally important because hu-
mans rely on grasses, including rice, wheat and maize, for
a major portion of their diet and that of domestic animals
(Kellog 2001). Maize is the basis of human nutrition in
Latin American countries and, like most cereals, it requires
high N fertilization for optimal yield. It has been pointed
out that it would be a striking achievement if cereals could
benefit from biological nitrogen fixation in partnership
with associated bacteria (James et al. 2000; Triplett 1996).

Mexico is both the origin of maize-based agriculture
and the center of the genetic diversity of this crop. Meso-

american pre-hispanic cultures developed using maize and
bean as basic crops, and even now traditional farmers de-
pend on them for food. Genetic erosion of maize diversity
has occurred by growing improved varieties using modern
technology that has displaced traditional agriculture. Orig-
inal maize land-races have been preserved only where tra-
ditional agriculture is maintained. In traditional agricul-
ture, maize and bean are cultivated together with bean
plants climbing on maize as stalks (intercropping). The
roots are intermixed, and this facilitates the “sharing” of
soil microbes, including symbiotic bacteria. Rhizobium etli
is the bacterium that most commonly forms nitrogen-fix-
ing nodules on Phaseolus vulgaris bean (reviewed in
Martínez-Romero 2003), and it is also naturally associ-
ated with maize, residing not only in the rhizosphere, but
also inside maize roots and stems (Gutiérrez-Zamora and
Martínez Romero 2001). Maize endophytes have been de-
scribed as plant growth promoter rhizobacteria (PGPRs)
but have not been found to fix nitrogen (Chelius and
Triplett 2000), as is also the case in other non-legume as-
sociations with diazotrophs (Fuentes-Ramírez et al. 1999;
Biswas et al. 2000a,b; James 2000; Giller and Merckx
2003). Nevertheless, acetylene reduction activity and N
incorporation in maize have been reported (Von Bülow
and Döbereiner 1975; Rennie 1980; Alexander and Zu-
berer 1989) and García de Salamone et al. (1996) found
that Azospirillum spp. inoculation accounted for signifi-
cant levels of N2-fixation depending on the maize geno-
type.

In Senegal and Guinea, West Africa, Bradyrhizobium
spp. have been found within the roots of wetland wild rice
(Chaintreuil et al. 2000), and Azorhizobium caulinodans
has been found in the roots of rice land-races (Engelhard
et al. 2000) and in the rhizosphere in rice of paddy fields
in Asia (Ladha et al. 1989). In Egypt, Rhizobium legumi-
nosarum bv. trifolii has been found as a natural endophyte
of rice, where it promotes plant growth (Yanni et al. 1997).
In contrast, some R. leguminosarum bv. trifolii isolates
from clover nodules, such as ANU843, inhibit rice devel-
opment, while derivatives cured of different plasmids did
not affect growth (Perrine et al. 2001), suggesting that
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there is plasmidic genetic information that interferes with
rice interaction, but which is required for clover nodula-
tion.

Inside plants, bacterial endophytes encounter new niches
where adapted clones may be selected. Endophytes must
have specific mechanisms to colonize internal plant tis-
sues (Kovtunovych et al. 1999) and adequately use plant
nutrients without causing harm to the plant; they must
also be able to survive plant defense reactions. Maize-as-
sociated bacteria and endophytes appear to have mecha-
nisms allowing them to avoid the toxicity of plant cyclic
hydroxamates. Therefore, in the present study, we tested
the resistance of R. etli strains to 6-methoxy-2-benzoxa-
zolinone (MBOA), the principal natural decomposition
product of 2,4-dihydroxy-7-methoxy-2H-1,4-benzoxazin-
3-one (DIMBOA), a cyclic hydroxamic acid from corn.
MBOA is inhibitory to plant pathogenic fungi and bacte-
ria (Corcuera et al. 1978; Glenn et al. 2001).

It has long been considered that the Rhizobium strains
in nodules only represent a fraction of the soil population,
which implies that there is a selection by the plant of the
most adapted or most competitive strains (Bromfield et al.
1995). Indeed, differences among R. leguminosarum bv.
trifolii soil and clover nodule isolates were identified by
PCR amplification and sequences analysis of nodD genes.
In this case, soil rhizobial diversity was assessed from
DNA isolated directly from the soil (Zézé et al. 2001).
The frequency of Sinorhizobium meliloti genotypes iso-
lated directly from soil differed from those of alfalfa and
sweet clover nodules (Bromfield et al. 1995). We decided
to test the hypothesis that endophytic bacterial genotypes
were selected from the total population. Plasmid and allo-
enzyme patterns of maize putative endophytes were com-
pared with those of R. etli isolates from the soil, rhizo-
sphere, and bean nodules. To test whether maize putative
endophytes were better adapted for maize colonization,
intra-strain competition experiments were carried out.

Materials and methods

Strain isolation. Three-month-old maize plants were ob-
tained from two sites: Cholula, and San Miguel Acuex-
comac, Puebla, Mexico. Cultivars “Criollo Cholula” and
“Criollo San Miguel Acuexcomac” were subsequently
used. All isolates were from groups of five plants per field
from traditional fields where maize is intercropped with 
P. vulgaris-bean. The Cholula site has a fertile soil with a
sandy clay loam texture, pH 6.2, and a rainfall of 800–
1,000 mm. The San Miguel Acuexcomac site has a less
fertile soil with clay texture, pH 8.3, and is in a semi-arid
location that receives a rainfall of 500–600 mm.

Rhizospheric isolates from maize roots were obtained
from root-adhering soil by sonication, which releases ad-
hered soil particles, as described (Streit et al. 1996). Bulk
soil and rhizospheric samples were suspended in sterile
water and aliquots of serial dilutions were inoculated on
bean plants (Gutiérrez-Zamora and Martínez-Romero
2001). Inside root bacteria were isolated from the soni-

cated roots, which were subsequently sterilized by treat-
ing them with 70% ethanol for 1 min, followed by 1.2%
sodium hypochlorite for 15 min, rinsing four times with
sterilize water, once with 2% sodium thiosulfate, and then
a final rinse of water before macerating the roots. Thio-
sulfate removes residual chlorine that may affect growth
or induce mutagenesis (Miché and Balandreau 2001). Inside
stem bacteria were isolated from sonicated stems, steril-
ized with 1.2% sodium hypochlorite for 10 min, rinsed with
water and sodium thiosulfate as was carried out with the
roots, and finally flamed with alcohol (except for 30-day-
old plants). The outer layers of the stem were eliminated
and inner tissues were macerated with sterilized 10 mM
MgSO4 to isolate the endophytic bacteria. We confirmed
that roots and stems were superficially sterilized by placing
them on PY (per liter: 5 g peptone, 3 g yeast extract, 1 g
CaCl2·2H2O) plates and incubating at 30°C for 3 days.
Bean was used as a trap plant to select R. etli as described
previously (Gutiérrez-Zamora and Martínez-Romero 2001).

R. etli quantification. CFUs were determined directly from
the inoculated plants, grown in covered pots in the green-
house, by plating serial dilutions of maize macerates or
bacteria recovered from the maize rhizosphere on PY me-
dium amended with cycloheximide (10 mg l–1) and nali-
dixic acid (20 mg l–1). R. etli strains are naturally nalidixic
acid resistant. The identity of recovered bacteria was de-
termined according to resistance to antibiotics and also by
comparing the plasmid profiles of a few colonies with
those of the inoculated strains. Since maize seeds natu-
rally contain endophytic bacteria (Mc Inroy and Kloepper
1995), we sometimes found a few nalidixic-acid-resistant
bacteria, even in the non-inoculated controls, but the col-
onies of these bacteria were morphologically distinguish-
able from R. etli. Isolates were tested for growth in LB me-
dium (per liter: 10 g peptone, 5 g yeast extract, 10 g NaCl)
and all bacteria growing in LB were discarded since R. etli
does not grow in this medium.

Plasmid profiles. Modified Eckhardt gels (Hynes and
McGregor 1990) were used to visualize plasmids. Plas-
mids were hybridized using 32P-labeled PCR-synthesized
probes (Wang et al. 1999) of the following R. etli CFN42
genes: lpsβ from plasmid b (García-de los Santos and
Brom 1997), rmrR from plasmid b (González-Pasayo and
Martínez-Romero 2000), nifH from plasmid d (Quinto et al.
1982), cyaA, from plasmid e (Tellez-Sosa, personal com-
munication), and fixL from plasmid f (Girard et al. 2000).

Alloenzyme analysis. Extracts of bacterial isolates from
maize putative endophytes and rhizospheric as well as bean
nodule isolates were prepared from cultures grown in PY
medium. Enzymatic activities for xanthine dehydrogenase,
malate dehydrogenase, indophenol oxydase, glucose-6-phos-
phate dehydrogenase, isocitrate dehydrogenase, phospho-
glucomutase, hexokinase, and alanine dehydrogenase were
detected as described (Selander et al. 1986). Genetic dis-
tance between each pair of electrophoretic types (ETs) was
estimated as the proportion of loci at which dissimilar al-
leles occurred, and cluster analysis was performed by the
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average-linkage method from a matrix of pairwise genetic
distance (Selander et al. 1986).

Competition experiments. Maize seeds from cultivar
“Criollo de Amatlán” were sterilized as described above
for roots, but by shaking them. Seeds were germinated in
0.75% water-agar in petri dishes for 48 h and then trans-
planted to 1-l pots (two plants per pot) with vermiculite
that had been sterilized in an autoclave for 2 h. Sterility
was tested by placing a sample of vermiculite on PY
plates and incubating at 30°C for 5 days. Maize seeds
were inoculated with 107 cells per plant, distributing the
bacteria in Fahraeus medium (Fahraeus 1957). Plants were
grown in pots by covering the surface with aluminum foil
and using sterilized cotton to cover the opening around
each plant stem. Pots were maintained in the greenhouse
and sampled at 1 month. Acetylene reduction activity was
measured as described (Gutiérrez-Zamora and Martínez-
Romero 2001).Streptomycin-resistant (Smr 100 mg l–1) mu-
tants were obtained for the maize stem-borne strains
(Ch24-10 from Cholula and SM12-7 from San Miguel
Acuexcomac). Spontaneous mutants were selected by plat-
ing the wild-type strains on PY medium containing 100 mg
Sm l–1. Afterwards, they were inoculated onto maize plants
in a 1:1 ratio with the wild-type strains to test whether the
antibiotic-resistant mutants were as competitive as the
original strains in colonizing the rhizosphere and the root.
The reference strains selected to be inoculated together

with the maize stem-borne strains Ch24-10 and SM12-7
were: SM44-1 and Ch4-22 from maize rhizosphere, Ch2-12
and Ch2-15 from bean nodules, and R. tropici CIAT899.
The Rhizobium strains used and their combinations are
listed in Tables 1 and 4. The inoculum ratios were esti-
mated by OD, and by plating serial dilutions. The out-
come of strain proportions was obtained by serial dilu-
tions in selective media, and more than 200 CFU were
screened from each plant. These were compared to the ac-
tual ratio inoculated and then analyzed using Student’s 
t test taking this ratio into account.

MBOA resistance analysis. MBOA (Sigma) was dissolved
in ethanol and tested at 0.1, 0.25, 0.50, and 0.75 g l–1 in
liquid PY medium. Bacterial growth was determined spec-
trophotometrically at 600 nm every 4 h for the first 12 h
and then at 24 and 48 h.

Results

Plasmid patterns were characterized by genetic markers.
Plasmid patterns of the isolated strains (Fig. 1) were de-
termined by hybridization to markers known to be plas-
mid located in R. etli CFN42. Although this was mainly
done to help group the plasmid profiles, it is worth noting
the following: we observed that the genes lpsβ and rmrR
were always found on the same plasmid (Fig. 2) and they
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Table 1 Rhizobium strains used in this study

Strain Relevant characteristics Plasmid Reference Origin Date of isolation
pattern

CIAT899 R. tropici type B, wild type (Graham et al. 1982)
Ch24-10 Maize stem isolate A-1 This study Cholula August, 2000
Ch24-10 Smr Ch 24-10 Smr mutant A-1 This study Cholula August, 2000
Ch2-12 Bean nodule isolate B-1 This study Cholula August, 2000
Ch4-22 Maize rhizosphere isolate C-2 This study Cholula August, 2000
Ch2-15 Bean nodule isolate C-3 This study Cholula August, 2000
SM12-7 Maize stem isolate S-1 This study San Miguel Acuexcomac September, 2001
SM12-7 Smr SM 12-7 Smr mutant S-1 This study San Miguel Acuexcomac September, 2001
SM44-1 Maize rhizosphere isolate U-1 This study San Miguel Acuexcomac September, 2001

Fig. 1 Eckhardt gel showing
the plasmid profiles found in
isolates from Cholula



have been previously reported to be linked in CFN42
(González-Pasayo and Martínez-Romero 2000). Also,
cyaA and fixL were usually on the same plasmid, except in
strain CFN42. Similar to Brom et al. (2002), we found
that nifH, fixL, and lpsβ were frequently located on three
distinct replicons, except for pattern D, which has nifH
and fixL on the same plasmid. Most of the R. etli strains
tested were found to carry a plasmid containing a fixL ho-
molog (Brom et al. 2002). In contrast, we found that not
all R. etli isolates hybridized strongly to lpsβ , which may
indicate a high divergence in this locus.

Maize stem R. etli isolates are of limited genotypes. Plas-
mid content was analyzed in 191 Rhizobium isolates from
Cholula and 72 isolates from San Miguel Acuexcomac. In
the case of San Miguel Acuexcomac isolates, the plas-
mids were only hybridized with nifH. In several cases, al-
most identical plasmid patterns were found; these variants
were designated by numbers and a letter (Figs. 1, 2, 3).

The relative frequency of the various plasmid patterns was
expressed as % of isolates with a single plasmid profile
referred to the total R. etli isolates from a particular con-
dition (stem or root putative endophytes, rhizosphere,
bean nodules, or soil). The relative frequency of the plas-
mid patterns differed in isolates obtained from inside stem
and root, rhizosphere, bean nodules, and soil (Tables 2, 3).
The bacteria recovered from inside maize stems all had a
single plasmid pattern (100% relative frequency) (A-1 in
Cholula and S-1 in San Miguel Acuexcomac). The iso-
lates recovered from inside roots had more plasmid types
than the stem isolates. The most abundant types inside
maize roots were A-1 and G in Cholula (relative fre-
quency of 43.7 and 33.3%, respectively) and S-2 and U-1
in San Miguel Acuexcomac (relative frequency of 64.3
and 21.5%, respectively). Most of the different plasmid
patterns were represented in the isolates obtained from the
rhizosphere, although some types dominated, such as A-1
in Cholula and U-1 in San Miguel Acuexcomac. In addi-
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Fig. 2 Plasmid profiles found
in isolates from Cholula, show-
ing the position of plasmids
hybridizing with nifH (�),
cyaA (♦), fixL (*), lpsβ (•),
lpsβ (with faint hybridizing
signal) (T), and rmrR (×)

Fig. 3 Plasmid profiles found
in isolates from San Miguel
Acuexcomac, showing the po-
sition of plasmids hybridizing
with nifH (�)



tion, some plasmid types were only found in nodule iso-
lates.

Twenty-seven strains from Cholula and nine from San
Miguel Acuexcomac, representing different plasmid pro-
files, were analyzed based on their metabolic enzyme pat-
terns. Figure 4 shows that all stem endophytes fall into two
ET: one of the seven ETs encountered in Cholula, and one
of the two ETs encountered in San Miguel Acuexcomac.
We observed that the ETs were related to the plasmid pat-
terns. Strains with plasmid patterns A or C were clustered
in two ETs, which were separated at a genetic distance of
only 0.12. Strains with plasmid pattern B were grouped in

three ETs with a genetic distance of 0.17 between them.
The ones from plasmid pattern G and H grouped with the B
type. This was also observed in San Miguel Acuexcomac,
as strains with plasmid pattern S were in a different ET
than the strains with plasmid patterns U or W.

The dendogram (Fig. 4) shows that most of the isolates
were related to R. etli reference strain CFN42. It remains to
be established whether cluster II also corresponds to R. etli.

Some maize-stem R. etli strains are highly competitive. To
check whether a strain belonging to the dominant plasmid
pattern inside the stem was more competitive in its ability
to penetrate the plant than other rhizosphere or bean nod-
ule isolates, competition experiments were carried out
(Table 4). The maize stem-borne strain from Cholula
Ch24-10 Smr was more competitive than Ch4-22 (a rare
maize rhizosphere isolate) or Ch2-15 (a bean nodule iso-
late). Strain Ch24-10 Smr was better able to colonize not
only maize root but also maize rhizosphere. This corre-
lated with its success as a maize rhizospheric bacteria in
the fields since the A-1 pattern was found also at a higher
frequency in the rhizosphere and in roots of maize than in
the soil (Table 2). This was not always the case, since the
isolate with plasmid pattern G in Cholula, an abundant
pattern inside the root, was not detected in the maize rhi-
zosphere.

The soil- and rhizosphere-dominant plasmid types B-1
of Cholula (represented by strain Ch2-12), and U-1 of San
Miguel Acuexcomac (represented by strain SM44-1) were
not the most frequent types isolated from the maize stem
(Tables 2, 3). However, strains with these plasmid patterns
inoculated in competition with strains carrying plasmid
types from the stem were just as competitive as the maize-
borne putative endophyte (Table 4).

All the strains tested in the competition assays were
screened for their resistance to MBOA. Ch24-10 was the
only strain resistant to 0.75 g l–1. At this concentration growth
of all the other strains was completely inhibited whereas
at 0.10 g l–1 only the growth of less competitive strains
(Ch2-15 and Ch4-22) was inhibited (data not shown).

R. tropici CIAT899 was as competitive as Ch24-10 Smr

(Table 4). Furthermore, plant heights were significantly
different (p<0.05, Student’s t test) when maize was inocu-
lated with CIAT899. The increase in height was of 50%,
similar to that of maize plants inoculated with R. etli
(Gutiérrez-Zamora and Martínez-Romero 2001).

In maize inoculation experiments, rhizospheric bacte-
ria were more numerous (106–108 CFU/g of dry soil) than
root endophytic bacteria (103–104 CFU/g of fresh tissue).
Acetylene was not reduced in any of the plants inoculated
with either R. etli or R. tropici strains in spite of the large
amount of rhizobia in the plants (data not shown). No R. etli
isolates were recovered in non-inoculated maize plants.

Discussion

Maize is one of the most widely cultivated cereals in the
world and its production is highly dependent on chemical
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Table 2 Relative frequency (%) of different plasmid profiles in a
traditionally cultivated field of intercropped maize and bean (Chol-
ula, Puebla, Mexico)

Plasmid Maize Maize Maize Bean Soil
profile stem root rhizosphere nodules

A-1 100 43.7 34.1 28.5 5.4
A-2 9.8 25.0
A-3 4.9 5.4
A-4 6.3 7.3 10.7
B-1 19.5 14.3 46.0
B-2 4.9 21.6
C-1 3.6
C-2 2.4
C-3 4.9 10.7
D 8.3 
E 2.7
F 6.3 4.9 2.7
G 33.3 3.6
H 2.1 7.3 3.6 16.2
Total strains  37 48 41 28 28
analyzed

Table 3 Relative frequency (%) of different plasmid profiles in a
traditionally cultivated field of intercropped maize and bean (San
Miguel Acuexcomac, Mexico)

Plasmid Maize Maize Maize Bean Soil
profile stem root rhizosphere nodules

S-1 100 5.0 6.2
S-2 64.3
S-3 10.0 9.1
S-4 5.0 12.5
S-5 10.0
T-1 7.1 18.2 6.2
T-2 9.1
U-1 21.5 45.0 18.2 31.3
U-2 7.1 15.0 9.1 6.2
V-1 5.0 18.2
V-2 6.2
W 12.5
X 9.1
Y 5.0
Z-1 12.5
Z-2 9.1 6.2
Total strains  11 14 20 11 16
analyzed



fertilizers. Thus, it would be a significant achievement if
maize could benefit from biological nitrogen fixation
(Triplett 1996; Dobereiner et al. 1995). Ongoing research
efforts on the subject are driven by this interest, and a di-
versity of diazotrophs have been identified from maize
(Chelius and Triplett 2000, 2001); however, with excep-
tions (García de Salamone et al. 1996), nitrogen fixation
in maize has not been clearly documented (Chelius and
Triplett 2000; Gutiérrez-Zamora and Martínez-Romero
2001). In this work, acetylene reduction activity was not
detected in spite of the large numbers of R. etli found to be
associated with maize.

Diluting the inocula allowed the selection of uncom-
mon rhizobia that may not be able to nodulate in the pres-
ence of more competitive isolates (Bala et al. 2001). For
this reason, we most likely obtained an adequate repre-
sentation of the soil, rhizospheric, and maize putative en-
dophytic bacteria with our approach using bean as a plant
trap. Inside bean nodules, non-nodulating bacteria were
not encountered as contaminants. R. tropici CIAT899 was
as competitive as strain Ch24-10 Smr in maize, implying

that it may be possible to find R. tropici inside maize. How-
ever, up to now we have not encountered R. tropici strains
as a natural maize endophyte in Mexican fields. Further-
more, in Mexico, R. tropici has not even been found in
bean nodules, but has been reported as nodulating Gliri-
cidia sepium (Acosta-Durán and Martínez-Romero 2002).
R. tropici is an outstanding inoculant for P. vulgaris beans
in South America (reviewed in Hungria et al. 2000) but it
is not competitive for nodulating bean in the presence of
R. etli (Martínez-Romero and Rosenblueth 1990).

Plasmid profile analysis is considered a good method
when many rhizobia isolates are to be typed (Hartmann
and Amarger 1991). Plasmid patterns were used to reveal a
larger diversity of rhizobial endophytes in rice in flooded
soils than in rice in drained soils (Yanni et al. 2001). Plas-
mid patterns correlated with DNA-fingerprint, alloen-
zyme, and BOX-PCR analyses (Hartmann and Amarger
1991; Silva et al. 2002; Yanni et al. 2001) and with the en-
zyme ETs presented here. It has been previously found
that the plant host imposes strong selective pressure, which
favors the maintenance of particular chromosome–plas-

342

Fig. 4 Dendogram showing
the genetic relatedness among
alloenzyme patterns and plas-
midic genotypes of Rhizobium
strains isolated from San
Miguel Acuexcomac (SM),
and Cholula. ET2 and ET3 are
strains isolated from the same
field of San Miguel Acuexco-
mac in previous years (Silva et
al. 2002). Maize stem endo-
phyte strains are in bold face,
bean isolates are underlined,
and plasmid types are shown 
in parenthesis

Table 4 Intra-strain competi-
tion of maize stem-borne
strains and reference strains for
occupancy of the rhizosphere
and the root of maize

aThe values are significantly
different (p≤0.01) with Stu-
dent’s t test, considering the
initial ratio inoculated

Strains in inoculum Ratio Occupancy (%)
inoculated

Rhizosphere Root

Reference Maize stem Reference Maize stem Reference Maize stem 
strain strain strain strain strain strain

Ch2-12 Ch24-10 Smr 1.3:1 44.0 56.0 43.8 56.2
Ch4-22 Ch24-10 Smr 0.5:1 10.4 89.6a 7.8 92.2a

Ch2-15 Ch24-10 Smr 1.3:1 3.2 96.8a 8.5 91.5a

SM44-1 SM12-7 Smr 1:1 50.6 49.4 60.0 40.0
CIAT899 Ch24-10 Smr 1.3:1 50.0 50.0 73.3 26.7



mid associations (Silva et al. 2002). Our results showing
different frequencies of R. etli genotypes in stems and soil
resemble those obtained from insertion sequence hybrid-
ization analysis of isolates from soil and nodules of Medi-
cago sativa, in which the frequency of S. meliloti geno-
types was different in soil and nodules (Bromfield et al.
1995). The presence of dominant plasmid and alloenzyme
ETs in stems suggests the existence of genotypes better
adapted to internally colonize maize. An alternative ex-
planation is that the endophytes are only a subset of the
rhizospheric or soil population without any specific selec-
tion by the plant. We previously recovered from maize roots
larger numbers of maize-borne strains and lower numbers
of bacteria from our bean nodule collection, in single
strain inoculation assays (Gutiérrez-Zamora and Martínez-
Romero 2001). Thus we considered it of interest to test
whether maize endophytic isolates were more competitive
than rhizospheric or bean nodule strains for maize colo-
nization. This was indeed observed in some cases, such as
with Ch24-10 (strain with plasmid profile A-1 isolated
from stems), which was better able to colonize both the
roots and the rhizosphere. Successful colonization of the
maize rhizosphere seemed to be related to successful en-
dophytic colonization of the root. This may explain why
some dominant maize rhizosphere plasmid types (B-1 of
Cholula and U-1 of San Miguel Acuexcomac) were highly
competitive for internal root maize colonization, even though
they were not found inside maize stems (from field iso-
lates). This result suggests that, in the field, other compet-
ing microorganisms affect colonization of the dominant
rhizospheric strains, or that our stem sample was too small
as to detect these strains.

By identifying a highly competitive strain for maize
colonization the genetic determinants involved in this pro-
cess can be studied. One of these genetic determinants
may be related to resistance to MBOA and could confer a
selective advantage to Ch24-10 for rhizosphere, root, and
stem colonization in the field. This will be tested by ana-
lyzing the genes involved, their presence in other maize 
R. etli endophytes, and their role in colonization. To our
knowledge, this is the first report of in vitro competition
experiments using endophytes, which seem to be very
useful in detecting better adapted strains, as has been ob-
served previously in inter-strain competition assays for
legume nodulation (Rosenblueth et al. 1998). While some
candidates were not tested, such as isolates from group G
that are found frequently inside the root, the population
analysis carried out in the present study allowed the iden-
tification of highly competitive strains that may have agri-
cultural applications.

It is worth mentioning that more morphologically diverse
bacteria were reproducibly recovered from the non-inocu-
lated controls than from R. etli inoculated maize plants,
suggesting that R. etli displaces other maize endophytes
and therefore seems to be more competitive. If this is so,
R etli strains could be evaluated as inoculants of maize
plants in Europe, which normally harbor Burkholderia
cepacia strains that are potentially dangerous for humans
(Balandreau et al. 2001; Chiarini et al. 2000).

Similar levels of endophytic bacterial populations have
been obtained with R. leguminosarum bv. trifolii in rice
(106–108 CFU/g fresh tissue) (Yanni et al. 1997). We have
always been able to isolate inoculated R. etli strains from
maize plants up to 3 months after inoculation, in contrast
to what has been observed in Azoarcus endophytes of
Kallar grass (Hurek et al. 2002) and in Rhizobium sp. en-
dophytes of rice (Biswas et al. 2000b), where the endo-
phytes become unculturable a few months after inoculation.

After inoculation, most of the bacteria remain in the
rhizosphere, thus it is reasonable to assume that these
vastly greater numbers of bacteria are much more likely to
exert an effect on the inoculated plants than the consider-
ably lower numbers in the root interior. As there is only
one report that has addressed the role of endophytes vs
rhizospheric bacteria (Gyaneshwar et al. 2002), further
studies are needed
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